INTRODUCTION
From a biological point of view, fat tissue is an active tissue and secretes proteins including TNF-α , IL-6 , IL-8 , leptin and adiponectin [18] . Clinical studies have shown that the level of adiponectin gene expression and the serum concentration of adiponectin are lower among individuals with type 2 diabetes, coronary heart disease and high blood pressure than among healthy people, and the concentration of adiponectin decreases in obese people, obese pigs and obese mice [19, 22] . In contrast, the level of leptin increases as the result of obesity. Adiponectin plays an important role in overcoming insulin resistance caused by an individual's diet. Studies in rodents have shown that adiponectin decreases the level of blood glucose and prevents fat accumulation in the skeletal muscle [4, 6, 31] . In comparison with other molecules secreted from fat cells, this protein has protective metabolic effects and anti-inflammatory properties.
In addition, the level of adiponectin in human blood is inversely related to the level of insulin resistance [20] . Regarding leptin, some scholars have considered this hormone to be a warning mechanism for adjusting the body's fat content [4] . This hormone, along with insulin, affects coronary performance and the sympathetic nervous system [19, 30] . Increases in the level of leptin, which has been found to be an independent factor associated with coronary heart disease in many studies, are associated with poor performance of the vessel wall [11, 29, 30] . In addition to the relationship of obesity with leptin and adiponectin, inflammatory markers also cause changes in the body composition and endocrine glands [18, 40] , and some studies have reported a relationship between both obesity and increases in the levels of TNF-α, IL-6 and CRP inflammatory markers and the increased risk of coronary heart disease [3, 4, 23, 26, 32, 35] .
Therefore, any activity that can change the abnormal level of these substances in the blood may help prevent coronary heart disease.
Physical activity can be considered an effective factor in improving obesity. However, there is contradictory information on the effect of physical activity on the levels of leptin, adiponectin and inflammatory markers (CRP, IL-6 and TNF-α). A number of researchers have [14] .
Additionally, it has been determined that regular physical activity and training decrease the levels of inflammatory markers and decrease the risk of coronary heart disease [3] . The results of the studies conducted in this field have shown that regular exercise significantly decreases the levels of TNF-α, IL-6, IL-1β and CRP [8, 10, 23, 26, 35, 43] and that there is a relationship between higher levels of physical activity/physical fitness and lower levels of these inflammatory markers [34] . In addition, some scholars, including Fairey [16] and Arsenault [2] , have reported a lack of change in the levels of inflammatory markers during long-term aerobic training.
The present study was undertaken for several reasons. First, the results regarding the effect of aerobic activity on the serum levels of adiponectin, leptin and inflammatory markers are contradictory.
Second, there are differences in the baseline level of physical fitness, sex, age and training programme of the participants in past studies.
Third, there is a lack of studies investigating the effects of long-term aerobic training on the serum levels of adiponectin, leptin levels and inflammatory markers in obese men. Finally, there is a lack of convincing evidence regarding the effect of long-term exercise on the levels of adiponectin, leptin and inflammatory markers. Therefore, in the present study, we attempted to examine the effect of 12 weeks of aerobic training on the serum levels of adiponectin, leptin and inflammatory markers (CRP, IL-6 and TNF-α) in obese men.
MATERIALS AND METHODS
Participants. This semi-experimental two-group study was approved . Additionally, they had no history of smoking or allergy and had taken no medicine for at least 2 weeks before the start of the research period. The participants were not allowed to take any medications during the research period, and they followed their own normal diet. Then, all subjects were allocated to either the experimental or control group, with 30 people in each group, using simple random sampling. The participants' general characteristics are given in Table 1 .
Physiological measurements
To measure weight and height, a digital scale and a tape were used, respectively. The BMI was also calculated (squared height in metres / weight in kilograms), and the body fat percentage was determined by measuring the amount of subcutaneous fat in the chest, abdomen and thigh and then using these values as input for the Jackson and Pollock equation [44] .
To estimate the aerobic power of the subjects, we conducted a 2400-m walking and running test. The aerobic power of each subject was calculated using the following equation [44] :
The training programme First, the maximum heart rate was determined for each person using the following formula: 208-(0.7 × age) [42] .
In this study, the experimental group participated in a 12-week aerobic training programme (3 sessions per week). The aerobic training programme included a 10-min warm-up consisting of fast walking, slow running and stretching. Then, continuous running was performed with intensity between 75 and 85% of the maximum heart rate of the participant. The running period was 15 min for the first session, and every two sessions 1.5 min was added to the running period in a stepwise manner until the running period reached 30 min. The running period was then kept at 30 min until the last session of the training programme (the end of the 12th week). The exercise intensity was controlled using a belt heart rate sensor (polar beat), and at the end of each session, there was a cool-down period consisting of slow running and stretching for 10 min. 
TABLE 2. CHANGES IN LEVELS OF INFLAMMATORY MARKERS, LEPTIN AND ADIPONECTIN IN EXPERIMENTAL AND CONTROL GROUP

Blood sampling
To investigate biochemical variables, in the first stage, the participants of each group were barred from participating in any sport activity until two days before the test and were told to maintain their normal diet. Then, 5 ml of blood was collected from each participant after 12 h of fasting. The blood was taken from the left-hand antecubital vein while sitting and resting. The blood sampling was conducted at 8 a.m. for both the experimental and control groups. After this stage, the experimental group participated in an aerobic training programme for 12 weeks (3 sessions per week). After 6 and 12 weeks of aerobic training, the second and third stages of blood collection from the participants in the control and experimental groups were performed in a manner similar to that for the first stage. Blood was collected 48 h after the last training session and after a 12 h fast.
The subjects in the control group did not participate in any training programme and proceeded with their normal daily routine. All protocols were approved by the Graduate Council of the Faculty of Physical Education and Sports Science, University of Qom.
Biochemical measurements
To measure the levels of inflammatory markers (serum TNF-α, CRP and IL-6), the ELISA (enzyme-linked immunosorbent assay) method was applied using kits from the French Diaclone Company. These kits had sensitivities of less than 7, 2 and 8 pg · mL -1 , respectively.
The measurement of plasma adiponectin concentration was performed using the ELISA method with the Adipogen Adiponectin kit (Adipogen Co, South Korea), which has a sensitivity of 0.1 μg · mL
The inter test coefficient of variation was less than 3.9% for this kit, and of the intra test coefficient of variation was less than 8.6%. The plasma concentration of leptin was measured by the ELISA method using a leptin kit (Mediagnost, Reutlingen, Germany) with a sensitivity of 0.1 ng · mL -1 . The intra test coefficient of variation was less than 5%.
Additionally, the participants' diets during the research were monitored using the 24-h food recall questionnaire standardised by the Nutrition Group, Tehran University of Medical Sciences (in week 0, week 6 and week 12).
Statistical method
Statistical analysis of the data was performed for each group using the means and standard deviations. Then, the Kolmogorov-Smirnov test was used to ensure that the data were normally distributed.
Student's t test was used to perform the between-group analysis of variance with repeated measures. ANOVA3 was used for within-group evaluation along with the Greenhouse-Giser (GG) correction.
The t-test with the Bonferroni correction was used to identify significant differences by determining the difference location to reduce the error for paired samples. The significance level was P≤0.05 for all the calculations, and all statistical tests were conducted using SPSS software (version 13, Michigan, USA).
RESULTS
The results obtained from the current study showed that 6 and 12
weeks of aerobic training increased Table 2) . No within-group differences were observed between the stages for the control group (P>0.05).
DISCUSSION
The results of the independent t test revealed a significant difference in the serum levels of leptin, adiponectin, CRP and IL-6 in the experimental group relative to the levels in the control group after 12 weeks of aerobic training. In the experimental group, the serum levels of leptin, CRP and IL-6 were 36.76%, 76.55% and 2.6% lower than the corresponding levels in the control group, and the level of adiponectin was 11.49% higher than that in the control group [CRP (P= 0.002), IL-6 (P= 0.001), leptin (P= 0.003) and adiponectin (P= 0.001)]. In the pre-test stage (week 0) and the mid-test stage (week 6), no significant differences were observed in the levels of the research variables between the control and experimental groups (P>0.05).
As far as TNF-α is concerned, the results of the analysis of variance with repeated measures did not show any significant differences within the control and experimental groups. Although the level of TNF-α decreased in the experimental group after 6 and 12 weeks of training, this change was not significant. Furthermore, the results of the independent t test did not show a significant between-group difference between the control and experimental groups at the three test stages (P>0.05).
In this research, the focus was to determine the effects of exercise on the levels of adiponectin, leptin and coronary heart inflammatory markers (serum TNF-α, CRP and IL-6 and). Appropriate levels of these factors in the blood can prevent diseases such as metabolic syndrome, type 2 diabetes and coronary heart disease. To this end, the levels of leptin, adiponectin and coronary heart inflammatory markers (serum TNF-α, CRP and IL-6) were measured before and after the training period.
The results of the present research showed that 6 and 12 weeks of aerobic training with moderate intensity can increase · VO 2 max and decrease the body fat percentage and the body mass index in obese men. Additionally, the results showed a decrease in the levels of CRP and IL-6, both inflammatory markers, and a decrease in the plasma level of leptin in obese men after 12 weeks of aerobic training with moderate intensity. After 12 weeks of aerobic training, the plasma levels of leptin, CRP and IL-6 in the experimental group were significantly lower than the levels in the control group. Additionally, significant differences in these factors were observed in the experimental group between the pre-test and post-test stages. After the first 6 weeks of aerobic training in the experimental group, the changes in the plasma levels of leptin, CRP and IL-6 were negligible, most likely because the training period, training intensity and duration were not sufficient to have significant effects on these factors.
As the length of the training period increased, there was a significant decrease in the plasma levels of leptin, CRP and IL-6 in the experimental group after 12 weeks. These results were in line with the reports of Miyatake [33] [14] and Christiansen [10] , which reported a decrease in the plasma levels of leptin, CRP and IL-6 as a result of aerobic training. However, the findings of this research were different from those of Fairey [16] , Ara [1] and Arsenault [2] . This discrepancy can be attributed to the differences among the studied groups in terms of race, training period, intensity, duration and type of training [34] .
The present research demonstrated a significant increase in the plasma level of adiponectin due to 12 weeks of aerobic training in the experimental group compared with the control group. Moreover, a significant difference was observed in the plasma level of adiponectin in the experimental group between the pre-test and post-test stages. This increase was not significant after the first 6 weeks of the training programme. The increase in the plasma level of adiponectin as a result of 12 weeks of aerobic training was most likely a preventive factor for diseases related to adiponectin [4, 5] . In this research, the increase in the level of adiponectin after adjusting to the aerobic activity was similar to the results of a number of previous studies [4, 5, 14, 17] . In a previous study, eight young obese women exhibited a significant decrease in the levels of leptin and fat after participating in an aerobic training programme for seven weeks; moreover, their level of adiponectin increased [27] . In another study, after obese and insulin-resistant individuals performed 19 weeks of aerobic training along with diet modification, their visceral fat levels decreased and the levels of adiponectin increased [41] . Other studies found that training had no effect on the level of adiponectin.
This discrepancy may be due to differences in age, sex, the type of training programme and the intensity and duration of the training [21, 39] .
Regarding TNF-α, the results obtained from this study showed no significant within-group differences in the level of serum TNF-α.
In contrast, in the experimental group, the TNF-α level decreased by 2.86% and 23.76% after 6 and 12 weeks of aerobic training, respectively. These results were in line with the findings of Fairey [16] and Arsenault [2] .
The results obtained from this study showed a significant decrease in the levels of CRP (p= 0.002), IL-6 (P= 0.001) and leptin (P= 0.012) and an increase in the level of adiponectin (P= 0.002) after 12 weeks of aerobic training. The change in the level of TNF-α was not significant.
Various studies have shown that the hormones adiponectin and leptin and inflammatory mechanisms have key roles in the pathological processes involved in several chronic diseases, such as coronary heart disease, cancer, type 2 diabetes and chronic obstructive pulmonary disease. It seems that chronic low-grade inflammation is reflected by high levels of CRP, IL-6, TNF-α and leptin [3, 4, 34] , and with regard to the relationship between physical activity and lower levels of inflammation, heart-protective mechanisms can be sugBiology of Sport, Vol. 30 No1, 2013 25
The effect of aerobic training on serum adiponectin and leptin levels and inflammatory markers of coronary heart disease gested. A common concept regarding the pathophysiological mechanisms of inflammation associated with atherosclerosis is the production of cytokines along with inflammation in response to oxidised low-density lipoprotein (LDL) stimulation and macrophages along with atherosclerotic plaques [34] . The cytokines associated with inflammation that are produced during this process include IL-1B, IL-6 and TNF-α. It was determined in laboratory experiments that different combinations of cytokines stimulate the production of CRP and leukocytes [9] . Research has shown that participation in regular sport activity decreases the level of oxidised LDL and the serum levels of IL-6 and CRP [2, 34] . Therefore, the effect of regular exercise on the levels of IL-6 may be responsible for the decrease in CRP in the experimental groups. In contrast, the relationship between physical activity and lower levels of inflammation can be created through the relationship between endurance training and lower degrees of general and abdominal obesity. It has been found that obese people produce higher levels of leptin and mediators of inflammation including , IL-8 and IL-6, compared with thin people in the control group, whereas obese people have lower levels of adiponectin compared with thin people [2, 19, 22] . Endurance training can decrease the production of mediators of inflammation from fat tissues by directly affecting fat tissue and increasing dipoles (by increasing the activity of hormone-sensitive lipase) and can increase the production of anti-inflammatory mediators such as IL-10 by fat tissue [6] .
The result of these changes is that aerobic training can decrease the circulating levels of inflammatory markers (CRP) by decreasing the sources of inflammation. Moreover, fat tissues are considered an endocrine organ because they secrete various substances, such as , IL-6, leptin and adiponectin [18] . It is likely that stimulates the production of IL-6, which, as a powerful stimulator, leads to the production of liver CRP [6, 35] . Therefore, the high level of fat tissues in obese people leads to the increase in the serum level of CRP (in a cascade manner). In addition, TNF-α is one of the primary and most basic mediators of inflammatory processes that is related to the high level in fat tissues (especially visceral fat) and its levels in the circulation indicates the production of this factor in fat tissues [3] . There are different findings on the effect of exercise on the level of TNF-α; some studies have reported a decrease [6] , and others have shown no change [2] in response to physical training.
In the present research, it was determined that the serum level of TNF-α did not change in response to 12 weeks of aerobic training because the half-life of TNF-α was low in the blood [7] . Therefore, based on these findings, TNF-α cannot be considered a stable marker for inflammation. Thus, CRP can be used for determining the status of systemic inflammation [12] . CRP is an inflammatory indicator that is made by liver cells in response to inflammatory factors and is secreted from the liver [6, 35] . Therefore, the present study is in line with the investigations that show a negative correlation between physical fitness and chronic inflammation and that demonstrate that physical training leads to reduced inflammation as indicated by the levels of CRP and IL-6 [16] . Therefore, there is a relationship between increases in the levels of inflammatory markers as a result of obesity and atherosclerosis [6] .
Furthermore, lower levels of inflammation caused by compatibility with physical activity can be attributed to the anti-oxidation effects of physical activity. Although the level of anti-oxidants was not measured in the present study, research evidence has shown that aerobic training noticeably decreases oxidation stress by increasing the antioxidant capacity of the body [45] . Regular physical training inhibits the release of the inflammatory mediators IL-1β, IL-6 and TNF-α from fat tissues by decreasing the stimulation of the sympathetic system and increasing the production of anti-inflammatory cytokines; as a result, the concentration of cell adhesive molecules decreases [13, 45] .
Additionally, many scholars believe that increases in the adiponectin concentration and decreases in the plasma level of leptin after long-term physical activity are a result of the decrease in weight and body fat and of the improvement of body composition due to a change in the balance between the received and consumed energy [24, 25] . Many studies have investigated the relationship between body composition and plasma levels of leptin and adiponectin, and most of the findings have demonstrated a negative relationship between weight, body mass index, waist size, fat distribution (waistto-hip ratio) and fat mass on the one hand and adiponectin on the other, and a positive relationship between these factors and leptin [4, 19] .
Finally, it seems that the amount of training can be a factor affecting the responses of plasma inflammatory markers, leptin and adiponectin (CRP, IL-6 and TNF-α); in other words, long-term physical activity affects the concentration of the plasma inflammatory markers, leptin and adiponectin (CRP, IL-6 and TNF-α) [28] .
Therefore, this study showed that regular and long-term aerobic physical training leads to a significant decrease in the levels of CRP, IL-6 and leptin and an increase in the level of adiponectin.
CONCLUSIONS
In summary, it can be concluded that regular aerobic training decreases the risk of coronary heart disease by improving the plasma levels of IL-6, adiponectin, leptin and CRP, and therefore aerobic activity can be used as an effective non pharmacological treatment for preventing these diseases.
